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Abstract 
 
Electrical and Mechanical (E&M) installations are indispensable to any construction projects. In the 
light of number of workers and companies involved, E&M works play an important role in the 
construction industry. The objectives of this study are to reveal causes of accidents of E&M works and 
provide recommendations to improve safety and health of E&M practitioners. A systematic approach 
with multidisciplinary inputs will lead to the formulation of a series of holistic and practical measures. 
An investigation in “WiseNews”, a comprehensive newspaper search engine, shows that there were at 
least 60 E&M works related fatal cases between 1998 and 2014 in Hong Kong. Fatalities due to fall of 
person from height and contact with electricity account for over 70 % of all occupational fatalities in  
electrical and mechanical installations. The study also found that the proportion of occupational 
fatalities due to fall of person from height is occurred more frequently in air-conditioning installation 
trade. Focus group meetings with frontline workers and experts will identify the root causes of the 
E&M accidents. Structured interviews will solicit views of different stakeholders to formulate safety 
preventive measures. NVivo, which is a software package that supports qualitative and mixed methods 
research will be used to analyse the qualitative data obtained from the interviews. A questionnaire 
survey will validate and prioritize the causes of accidents and strategies for improving E&M safety. 
The proposed study will be useful in improving the safety performance of E&M practitioners in Hong 
Kong. 
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1. Introduction 
 
Electrical and mechanical (E&M) installations are significant to most construction projects regardless 
of new construction works or repair, maintenance, alteration and addition (RMAA) works. E&M 
works consist of various specialist trades such as fire services installation, electrical wiring, plumbing 
and drainage, air-conditioning installation, and lift and escalator installation. With the presence of 
ageing buildings which lack of proper maintenance, the deterioration of fire services, water pipes and 
electrical wiring in old buildings commonly occurs. To uphold the ageing building stock properly and 
enhance public safety in a sustainable way, the Hong Kong SAR government has initiated the 
Mandatory Building Inspection Scheme (MBIS) in 2012 to inspect and repair these ageing buildings 
on a regular basis. Around 2,000 target buildings would be selected by the government for inspection 
and for owners to carry out corresponding repair and maintenance works each year. The scope of 
inspection is not only limited to the structural elements of buildings, but also the fire safety elements 
and drainage system. Thus, it is expected that the volume of E&M RMAA works will continue to 
increase. 
 
E&M installation involves a considerable number of workers. As shown in Table 1, the number of 
persons directly engaged in “building services installation and maintenance activities” in 2013 was 
73,165, accounting for nearly 40% of the number of persons directly engaged in “all construction 
activities” (n=185,773) (Census and Statistics Department, 2014). The data are also plotted as 
illustrated in Figure 1. Statistics of number of persons directly engaged in building services installation 
from 2007 to 2013 also show that the employment of E&M workers has continued in an upward trend 
(Figure 1). The number of “building services installation and maintenance activities” establishments in 
2013 was 7,075, accounting for 32% of the number of establishments of “all construction activities” 
(n=22,312) (Census and Statistics Department, 2014). The gross value of construction works 
performed (HK$'000) increased by 17% from 236,926 in 2012 to 278,175 in 2013 whereas the gross 
value of building services installation works (HK$'000) expanded by 25% from 50,567 in 2012 to 
63,089 in 2013 (US$1=HK$7.8). The importance of E&M works to the construction industry of Hong 
Kong is expected to increase further.  
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Table 1. Statistics for building services installation activities in Hong Kong (Census and Statistics 
Department, 2014) 
Industry /Group Year Number of 
establishments 
Number of persons 
directly engaged 
Gross value of 
construction works 
performed (HK$'000) 
(US$ 1 = HK$ 7.8) 
Building services 
installation (including 
New works and 
RMAA activities) 
2013 7,075 73,165 63,089 
2012 7 282(-10.1%)  73 828(+1.9%) 50,567,303(-6.2%) 
2011 8 096 (+16.1%)  72 434(+37.5%) 53,916,770(+36.2%) 
2010 6 976 (-13.7%)  52 664(+10.1%) 39,595,569 (+11.9%) 
2009 8 082 (-8.0%) 47 839 (-14.7%) 35,395,071 (-14.7%) 
2008 8 788 (+25.8%) 56 107 (+40.0%) 41,489,497 (+31.4%) 
2007 6 985 40 079 31,577,350 
All construction 
activities (including 
New works and 
RMAA activities) 
2013 22,312 185,773 278,175 
2012 22 309 (-4.7%)  184 563(+8.3%) 236,926,550(+10.2%) 
2011 23 417 (+14.2%) 170 345(+15.9%) 214,976,995(+19.5%) 
2010 20 506 (+1.4%)  146 958(+8.7%) 179,836,843 (+15.2%) 
2009 20 216 (+0.6%) 135 254 (-0.5%) 156,068,485 (-5.1%) 
2008 20 100 (+3.6%) 135 990 (+19.0%) 164,376,972 (+15.7%) 
2007 19 399 114 294 142,035,628 
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Figure 1. Number of persons directly engaged in construction activities and building services 
installation in Hong Kong (Census and Statistics Department, 2014) 
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2. Research Aim and Objectives 
Safety issues of E&M works are critical in the construction industry because of the hazardous work 
nature, tight working schedule and complexity of work. Previous statistics have manifested that falls 
of person from height and electrocution are the top two killers on E&M works in Hong Kong. There 
are some detailed analyses of construction fatalities on fall accidents (Huang and Hinze, 2003; Chi et 
al., 2005; Chan et al., 2008; Hon and Chan, 2013), struck-by fatalities (Hinze et al., 2005), 
electrocution (Janicak, 2008; Chi et al., 2009) and crane related fatalities (Beavers et al., 2006; Tam 
and Fung, 2011) etc. Safety research focusing on E&M work installations has been scant. It has not 
received sufficient attention. The proposed research aims to reveal the causes of accidents on E&M 
works and provide recommendations to improve the safety and health of E&M practitioners, 
particularly for those two accident types. To achieve the research aim, four specific research objectives 
were set out as follows. 
 
1. To understand the general practice and procedures in E&M installation.  
2. To determine the causes of E&M accidents.  
3. To identify effective measures to be implemented in order to reduce E&M accidents on 
construction sites.  
4. To give recommendations to various stakeholders to enhance E&M installation safety.  
 
3. Significance and Value of Research 
 
The Hong Kong Federation of Electrical and Mechanical Contractors Limited (HKFEMC) which is a 
sizeable E&M works trade association, has long identified safety a key issue to address (Lam, 2006). 
HKFEMC has expressed serious concerns for safety of their member practitioners in different 
occasions. The safety of E&M works has not been given enough attention it deserves. Some hazards 
associated with E&M works are identified in activities that involve working at height, electricity, 
lifting, and lift or escalator machinery. Most of the maintenance activities for air-conditioning and 
plumbing & drainage need to be carried out at height outside the external wall of a building. This 
greatly increases the likelihood of fall of person from height. Moreover, there are some risks, like 
electrocution perhaps is significant at E&M works. The study will provide insights to root causes of 
both fatal and non-fatal accidents of E&M works. The overall aim is to investigate the major causes of 
E&M works related accidents and recommend a series of practical and holistic measures to reduce 
them.  It is important to upkeep construction workers’ safety and health. Improvement in the safety of 
E&M works will benefit not only the practitioners themselves but the industry as a whole. 
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4. Research Methods 
 
A mix of qualitative and quantitative research methodology has been employed in this project. The 
whole research process comprises seven key stages: (1) literature review, (2) focus group meetings, (3) 
case studies, (4) structured face-to-face interviews, (5) questionnaire survey, (6) data analysis and (7) 
validation of the results. The research framework for the proposed study is shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Flow of the Overall Research Framework 
 
5. Research Progress and Preliminary Findings 
Literature review 
 
The research project began with a comprehensive review on general practice and safety procedures in 
E&M installation and common causes of E&M works related accident and safety research on E&M 
works from academic journals, industry report, research monographs, guidance notes, and newspaper, 
etc. An extensive review of related ordinance, code of practice, safety working guidelines from six 
government departments or organizations including the Construction Industry Council (CIC), Labour 
Comprehensive Literature Review 
Focus Group Meetings 
Case Studies Structured face-to-face 
Interviews 
Empirical 
Questionnaire Survey 
Data Analysis 
Validation of the Results 
Preliminary Conclusion 
Final Report/ Dissemination 
6 
 
Department, Occupational Safety and Health Council (OSHC), Buildings Department (BD), Hong 
Kong Housing Authority (HKHA) and Electrical and Mechanical Services Department (EMSD) has 
been launched to capture common types of E&M accidents, major causes of E&M accidents and 
recommendations on E&M works. 
 
Accident statistical data in Hong Kong will be collected from government departments (including the 
Architectural Services Department, Census and Statistics Department and the Labour Department) and 
the volume, nature and the patterns of E&M works related accidents will be examined. The review 
will focus on safety problems and good practices of E&M installations which will form the foundation 
for the whole research. 
 
Focus Group Meetings 
Two focus group meetings were conducted with (1) trade unions’ representatives and frontline 
tradesmen, and (2) representatives from the Hong Kong Federation of Electrical and Mechanical 
Contractors Limited (FEMC) in October and December 2014 respectively. It aims to examine the 
safety problems and the major causes of accidents. Focus group meetings are considered a convenient 
and effective way of collecting a large amount of information supplementing the traditional one-to-one 
interview (Haslam, 2003) because it generates synergism and stimulation among attendants (Vaughn 
et al., 1996). Their expertise has been drawn upon to give comments on safety issues on E&M works, 
to indicate the root causes of E&M accidents from their practical experience and contribute to the 
formulation of preventive strategies and measures. Focus group meetings provided a general picture of 
the safety problems of E&M works and also helped in developing templates for structured interviews 
and questionnaire surveys. 
 
Case Studies 
Both fatal and non-fatal E&M accidents will be retrieved and reviewed. Information on fatal cases will 
be solicited from relevant government departments and further supplemented by the “WiseNews” 
newspaper archive which is an electronic search engine containing key local newspaper clippings 
(Hon and Chan, 2013). These cases will be categorized according to characteristics and features. Key 
categories may include (1) year and month of accidents; (2) location of accidents; (3) type of work 
involved; (4) trade of work involved; (5) type of accidents; and (6) any other special features. Fatal 
cases collected from various sources will be triangulated and cross-referenced to ensure accuracy and 
reliability of the raw data. The study requires support of the industry. Sources of non-fatal accident 
cases for analysis could be obtained from member contractors of the Hong Kong Federation of 
Electrical and Mechanical Contractors Limited (HKFEMC), the Electrical and Mechanical Services 
Department (EMSD), the Architectural Services Department (ArchSD), and the Hong Kong Housing 
Authority, etc. Root causes of E&M fatal and non-fatal accidents will be identified respectively. 
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As official accident statistics on E&M works are not readily available in the public domain, an 
extensive search in “WiseNews”, which is an electronic database of local newspapers in Hong Kong, 
was conducted. The results show that there were at least 60 E&M works related fatal cases between 
1998 and 2014 in Hong Kong. Approximately two-thirds of the 60 fatal cases were related to RMAA 
works. There were 39 E&M works related accident cases occurred in RMAA works which far 
outweighed that of new construction works (n=21). Fatalities due to fall of person from height and 
contact with electricity account for over 75% of all occupational fatalities in the electrical and 
mechanical industry. Among various E&M trades, air-conditioning installation is the most common 
trades leading to fatality. This trade accounted for a total of 35% of all E&M works related fatal cases 
(Figure 3). This may be due to the fact that air-conditioning works extensively involve working at 
height outside the external wall. This greatly increases the likelihood of fall accidents. 
 
With the consent of the Coroner's Court, 13 case files of E&M fatalities between January 2010 and 
July 2013 have been collected for detail analysis. Each case file include information on police 
investigation files, coroner's death investigation reports, fatal accident reports by the Labour 
Department, autopsy reports and medical reports. The advantages of referring to the coroner’s reports 
are that the data is highly reliable for revealing the real causes behind an accident. 
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Figure 3. E&M works related fatal accidents from 1998-2013 – analysed by Trades (Sources: 
WiseNews) 
 
Structured interviews 
Ten structured interviews have been conducted with key trades of E&M installations, including air-
conditioning, fire services, plumbing, and electrical works. Interviewees include representatives from 
the government, quasi-government organizations, professional institutes, contractors’ associations, and 
trade unions. Interview questions are compiled based on the literature review and also the results of 
the focus group meetings. It designed to identify the causes leading to common E&M accidents and 
strategies for improving safety of E&M work practitioners. The interviews results has been transcribed, 
coded and analysed in NVivo, a software system for analysing qualitative data. Mixed methods 
research qualitative data will similarly be collected, organized and analysed (Creswell, 2009). 
Basically, common interview narrative subjects and similar semantic meanings are first coded in 
individual category. After that, each identified category will then be compared with other categories 
and repeat this coding process for refinements to better arrive at distinct categorization. 
 
Based on the ten structured interviews of E&M works practitioners, fall from height and electrocution 
have been identified as the top two killers in both new and repair, maintenance, alteration and addition 
(RMAA) E&M works in Hong Kong. The major causes of new E&M works and RMAA works are 
“Compressed working schedule & long working hours” and “Lack of facilities for safe access or 
improper design for maintenance” respectively. 
 
Questionnaire survey 
A questionnaire survey will be designed based on literature and findings from the case studies and 
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structured interviews. The previous qualitative interviews can be used as an exploratory step before 
designing the questionnaire survey form. Respondents will be requested to prioritize the causes of 
E&M accidents and importance of recommendations for enhancing E&M works safety. About 200 
number of completed questionnaires will be targeted to facilitate quantitative statistical analyses. 
Questionnaires will be dispatched via industry forum and presentations. The advantages of conducting 
questionnaire survey in this way are that respondents can get immediate assistance from investigators 
of the proposed studies and thus improving quality of their responses. Also, respondents attending the 
industry forum have interests in E&M safety. They are more likely to give reliable and informed 
responses based on their working experience and expertise. 
 
Data analysis 
An Excel template with predetermined categories will be decided for the analysis of case studies (Hon 
and Chan, 2013). The cases will be coded in the EXCEL template and analysed with SPSS. 
Descriptive statistics will be utilized in analysing accident records pattern. Key coded variables 
include year of accident, month of accident, type of accident and trade of E&M works etc. Some fatal 
and non-fatal accident cases will be selected for detailed analysed. Cluster analysis will be employed 
to classify types of E&M fatal and non-fatal accidents respectively (SPSS, 2001; Hon and Chan, 2013). 
 
Descriptive statistics and multivariate statistics will be used for analysing questionnaire data using 
Statistical Packages for Social Science (SPSS). Kendall’s coefficient of concordance (W) will be 
adopted to measure the levels of agreement of experts (Siegel and Castellan, 1988). Spearman’s rho 
correlation (Norušis, 2008) will be calculated to assess the degree of correlation among the opinions 
expressed by groups of experts. The Kruskal-Wallis Test, which is regarded as a non-parametric test 
will be conducted to decide whether three or more independent groups are from distinct populations.  
 
6. Conclusions 
 
Hong Kong is a populous city with a multitude of ageing and deteriorated buildings. It is crucial to 
inspect and repair these buildings on a regular basis. E&M installations involve a considerable 
proportion of all practitioners in the RMAA sector. Repair and maintenance of air conditioning 
systems and water pipes are highly related to working at height. Fall injuries frequently happen when 
using ladders and majority of the injured workers are unskilled labourers working on a temporary 
basis. Electrocution is also a major type of E&M related accident. A person who has been electrocuted 
may be severely injured or even die. This research project provides an overview of E&M works 
related accidents in Hong Kong, identify underlying causes of accidents and practical 
recommendations through a series of research tools including focus group meetings, cases studies, 
structured interviews and questionnaire survey. The project has begun for about a year and is still 
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ongoing. Case analysis, focus group meetings and interviews have largely been completed. The next 
step is to collect holistic opinions from E&M works practitioners by questionnaire for improving 
safety performance of the E&M industry. 
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